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Abstract 

Several current rocket engine concepts such as the bell-annular tripropellant engine, 
and the linear aerospike being proposed for the X-33, require unconventional three- 
dimensional rocket nozzles which must conform to rectangular or sector-shaped 
envelopes to meet integration constraints. These types of nozzles exist outside the 
current experience database, therefore, development of efficient design methods for 
these propulsion concepts is critical to the success of launch vehicle programs. 

Several approaches for optimizing rocket nozzles, including streamline tracing 
techniques, and the coupling of CFD analysis to optimization algorithms are described. 
The relative strengths and weaknesses of four classes of optimization algorithms are 
discussed: Gradient based methods, genetic algorithms, simplex methods, and surface 
response methods. Additionally, a streamline tracing technique, which provides a very 
computationally efficient means of defining a three-dimensional contour, is discussed. 

Gradient based schemes generally rely on a gradient evaluation at the current design 
point to determine the search direction required for objective function minimization with 
either constrained or unconstrained design variables. This type of technique is good at 
rapidly achieving an optimum if the objective function is well behaved. However, it can 
easily be trapped in local optima or by constraints in a region far from the optimal design. 

Genetic algorithms are adaptive search procedures based on the biological concept of 
evolution. They start with an initial set, or population, of design points and use the 
genetic operators of selection, crossover and mutation to converge on an optimal design. 
Since this method searches from a set of designs rather than a single design, it can 
uncover different "families" of good designs. 

Surface response methods utilize a limited number of runs to construct a model of the 
design space. This model is then used to determine an optimal design. Examples of 
such methods include Taguchi, neural networks, and regression models. If accurate 
models of the design space can be constructed, these methods become very attractive 
for problems where function evaluations are computationally expensive. 

Streamline tracing provides a rapid means of determining a nozzle design which exhibits 
good performance but has an arbitrary exit shape. By using an axisymmetric optimum or 
ideal nozzle as a baseline, a shape can be inscribed onto the exit plane of the nozzle 
and numerous streamlines may be traced back to the plenum. These streamlines may 
then be used to define a nozzle contour, which will exhibit the same inviscid flow 
characteristics as the nozzle from which it was traced. 

The performance of the various optimization methods on thrust optimization problems for 
tripropellant and aerospike concepts is assessed and recommendations are made for 
future development efforts. 
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OPTIMIZATION METHODOLOGY FOR 
UNCONVENTIONAL ROCKET NOZZLE DESIGN 


O CO 

oy 

*-N 
Z N 
CD O 
C/) z 
LU O 

Q GC 
O l~~ 

DC LU 
LU I> 
< 5 
I - 

Z CO 
^ X 

o < 

uZ Q 

LL z: 

LU < 


Sa 

H Q 

crfcj 

PO 


-J co 

°R 

2 x 


CCS 

gF 

> CL 

oo 

0- 


offi 

o> 

DC -J 


-I LU 
LU H 
> < 
F 0 C 

53 


0 

li 


469 


CFD 96-025-001 /D1/WWF 




OPTIMIZATION PROBLEMS 
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THRUST OPTIMIZATION METHODOLOGY 
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OPTIMIZATION METHODOLOGY DESCRIPTION 



472 



OPTIMIZATION METHODOLOGY DESCRIPTION 


CO 

O 

CL 

CL 

O X 
O ljlj 


O 00 

H =£ 
CO z 

g DC 
O X 
£ CO 

UJ h 
> CO 
O DC 
^ O 

£ 

f2 d 

— i — 
o CO 

Q- co 


< ? 
LU O 

II 

> * 

m y= 


CL 

O co 


< 

CO o 
CO O 
LU d 
-Z. -7 

X ^ 
O Q 

S w 

O 0- 

X CL 

... < 


?< 
z 0- 


< LU 
X <3 

< I 

O 2 

I I 

CO CO 

O z 
X O 
x o 


is 



s aiaviy va 


g § 
< g. 

! *■ 5 

J 


473 


CFD 95-025-005/DI /WWF 






OPTIMIZATION METHODOLOGY DESCRIPTION 
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CONS - MODEL MAY NOT ACCURATELY SIMULATE DESIGN SPACE 


COUPLING CFD TO OPTIMIZATION 
ALGORITHMS IN THE REAL WORLD 
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SWITCH OPTIMIZATION ALGORITHMS 




COMPARISON OF OPTIMIZATION METHODS 
FOR NOZZLE DESIGN APPLICATIONS 
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NO ALGORITHM IS PERFECT, ALL HAVE STRENGTHS 
AND WEAKNESSES 

AN INTELLIGENT HYBRID COULD TAKE ADVANTAGE OF 
THE BEST ASPECTS OF EACH TECHNIQUE 
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OPTIMIZATION METHODOLOGY FOR 
UNCONVENTIONAL ROCKET NOZZLE DESIGN 
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